C-Type Lectin-Like Receptor 2 Suppresses AKT Signaling and Invasive Activities of Gastric Cancer Cells by Blocking Expression of Phosphoinositide 3-Kinase Subunits.
C-type lectin-like receptor 2 (CLEC2) is a transmembrane receptor expressed on platelets and several hematopoietic cells. CLEC2 regulates platelet aggregation and the immune response. We investigated its expression and function in normal and transformed gastric epithelial cells from human tissues. We performed tissue microarray analyses of gastric carcinoma samples collected from 96 patients who underwent surgery at Zhongshan Hospital of Fudan University in Shanghai, China and performed real-time polymerase chain reaction assays from an independent group of 60 patients; matched nontumor gastric mucosa tissues were used as the control. Full-length and mutant forms of CLEC2 were expressed in gastric cancer cell line (MGC80-3), or CLEC2 protein was knocked down using small-hairpin RNAs in gastric cancer cell lines (NCI-N87 and AGS). CLEC2 signaling was stimulated by incubation of cells with recombinant human podoplanin or an antibody agonist of CLEC2; cell migration and invasion were assessed by transwell and wound-healing assays. Immunoblot, immunofluorescence microscopy, and real-time polymerase chain reaction assays were used to measure expression of markers of the epithelial to mesenchymal transition and activation of signaling pathways. Immunoprecipitation experiments were performed with an antibody against spleen tyrosine kinase (SYK). Cells were injected into lateral tail vein of BALB/C nude mice; some mice were also given injections of the phosphoinositide 3-kinase (PI3K) inhibitor LY294002. Lung and liver tissues were collected and analyzed for metastases. Levels of CLEC2 were higher in nontumor gastric mucosa (control) than in gastric tumor samples. Levels of CLEC2 protein in gastric tumor tissues correlated with depth of tumor invasion, metastasis to lymph node, tumor TNM stage, and 5-year survival of patients. Activation of CLEC2 in gastric cancer cells reduced their invasive activities in vitro and expression of epithelial to mesenchymal transition markers; these tumor-suppressive effects of CLEC2 required SYK. CLEC2 and SYK interacted physically, and SYK maintained the stability of CLEC2 in cells. AGS cells with CLEC2 knockdown had increased levels of phosphorylated AKT and glycogen synthase kinase-3 beta, increased expression of Snail, reduced levels of E-cadherin, and formed more metastases in mice than AGS cells that expressed CLEC2; these knockdown changes were prevented by the PI3K inhibitor LY294002. Activation of CLEC2 in AGS cells reduced protein and messenger RNA levels of PI3K subunits p85 and p110; this effect was blocked by SYK inhibitor R406. Levels of CLEC2 and SYK proteins and messenger RNAs correlated in gastric tumor samples. CLEC2 suppresses metastasis of gastric cancer cells injected into mice, and prevents activation of AKT and glycogen synthase kinase-3 beta signaling, as well as invasiveness and expression of epithelial to mesenchymal transition markers in gastric cancer cell lines. CLEC2 prevents expression of PI3K subunits, in a SYK-dependent manner.